The intertropical convergence zone is a near-equatorial band of intense rainfall and convection. Over the modern Atlantic Ocean, its annual average position 1 is approximately 5
of latitude. Our evidence suggests that the intertropical convergence zone moved latitudinally over the ocean, rather than expanding or contracting. We conclude that the marine intertropical convergence zone has migrated significantly away from its present position owing to external climate forcing during the past 25,000 years.
The intertropical convergence zone (ITCZ) resides in the Northern Hemisphere for much of the year but varies by season and region, shifting into the summer hemisphere with exceptional northward monsoonal penetrations over the subtropical continental land masses 10 . Historical interannual variability of the mean position of the marine ITCZ is of the order of ±2
• and has been linked to interannualmultidecadal oscillations that have significant impacts on tropical communities 16 . Here we assess whether the historical range of Atlantic ITCZ variability is a limit, or whether much larger variations may have occurred. We focus on open-ocean sediment core locations to evaluate latitudinal shifts of the marine Atlantic ITCZ. The arcing seasonal trajectory of the southeast trade winds across the Equator, associated with the North African summer monsoon, causes surface divergence and upwelling, leading to cooler sea surface temperature (SSTs; [23] [24] • C) in the Gulf of Guinea and establishing a zonal SST gradient (2) (3) • C) with a subsurface thermocline sloping steeply to the west. The ITCZ is bounded to the north and south by the high-salinity subtropical gyres where the poleward limbs of the Hadley circulation descend and excess evaporation occurs.
We use the low-salinity signature of the marine ITCZ to identify shifts in its position from the Last Glacial Maximum (LGM) to the present (the past 25,000 years (25 kyr)) using data from an open-ocean transect of sediment cores. We compare these data to published continental and marine palaeohydrological records spanning 20
• N to 15
• S to develop a more comprehensive picture of ITCZ migrations. Sediment cores VM25-59, VM30-40, RC24-08 and RC24-11 lay along the flanks of the Mid-Atlantic Ridge in the equatorial Atlantic (Fig. 1) . These sites have similar bottomwater CO 3 2− values today (∼12-22 µmol kg −1 ; Supplementary Information), with no significant meridional or zonal biases. This sample selection minimizes potential spatial biases due to changes in post-depositional shell dissolution resulting from deep-water circulation changes (Supplementary Information • C relative to average late Holocene core-top estimates to a zonally uniform [23] [24] • C during the LGM, with an early Holocene establishment of a near-modern zonal SST gradient (Fig. 2) . The LGM SST estimates from a new multivariate palaeotemperature equation that includes shell Mg/Ca, δ 18 O and corrections for bottom-water CO 3 2− suggest that SSTs were on average ∼1.5-4.5
• C cooler than late Holocene core-top SST estimates, with a more gradual deglacial warming trend and later establishment of the modern zonal SST gradient 19 (see Supplementary Information). Both methods yield late Holocene SSTs within error of the modern mean annual SST (WOA09) and suggest coherent zonal LGM cooling, implying invigorated wind-driven tropical Atlantic upwelling. This view is supported by higher LGM Th-normalized opal and organic carbon fluxes observed in several equatorial Atlantic cores, including RC24-08 (Figs 1 and 2 ) 22, 23 . Rainfall changes associated with past ITCZ shifts influence surface ocean salinities, which are set by the local atmospheric evaporation-precipitation balance (Fig. 1) . Here, we provide two estimates of surface ocean salinity to track the low-salinity fingerprint of the marine ITCZ. The first calculates local δ 18 O seawater by solving the oxygen isotope palaeotemperature equation 24 using Mg/Ca-derived SSTs (ref. 18 ). The second approach calculates surface ocean salinity using an Atlantic Basin multivariate calibration equation 19 constrained by paired ice-volume-corrected shell δ 18 O and Mg/Ca values. A caveat to this second approach is that a constant salinity-δ 18 O seawater relationship is assumed, which was almost certainly not true in the past 25 . Nevertheless, both approaches yield qualitatively similar results, indicating that our conclusions are robust and independent of calibration method (Fig. 3) .
The local δ 18 O seawater and salinity estimates document large, persistent shifts in the evaporation-precipitation balance over the open Atlantic Ocean that exceed historical ranges, suggesting significant displacements of the marine ITCZ over the past 25 kyr. Our open-ocean, equatorial core sites (spanning 1.4 • N to 2.2 • S, south of the modern mean ITCZ position) document shifts to slightly fresher conditions during the LGM and much more saline conditions during the early Holocene (Fig. 3) . The northwestern cores consistently show the largest salinity variability. All cores indicate a freshening during the LGM to salinities within or nearly equivalent to the fingerprint of the modern ITCZ (salinities ∼35.4-35.8, δ
18 O seawater ∼ 0.74-0.83 based on modern values) 26 . We compare our open-ocean data set with published records spanning 20
• S to constrain larger-scale Atlantic region palaeohydrological variations (Figs 1 and 3) . These records collectively document a southward shift of the ITCZ during the LGM and the Younger Dryas (where resolved). Records north of the modern ITCZ indicate drier/more saline conditions, whereas proxy records south of the modern ITCZ indicate more humid/fresher conditions (Fig. 3) . This is evidenced by the increased local δ recorded in a Gulf of Guinea core (20
• N drainage basin) 6 . These intervals are represented by high Th-normalized dust fluxes off northwest Africa (20 • N), indicating enhanced continental aridity 5 .
South of the modern ITCZ, our surface salinity proxy records are antiphased with those from the north, indicating moderately fresher conditions during the LGM relative to core-top values (Fig. 3) . Enhanced speleothem growth in lowland Brazil (∼10 • S) and high water levels at Lake Titicaca in Peru (15
• S) also indicate the southward displacement of the rain belt 7, 8 . This evidence suggests that the marine ITCZ was displaced at least about 7
• southwards during the LGM and impacted open-ocean salinity gradients with a spatially coherent, meridional signature between 12
• N and 2
• S. During the early Holocene when large boreal ice sheets had retreated and orbital precession established enhanced summer insolation and warming in the Northern Hemisphere, there was a northward shift of the Atlantic ITCZ and African monsoonal rain belt. Palaeohydrological proxy records from the northern subtropics document the establishment of more humid conditions on land and lower surface ocean salinities (Fig. 3) . This is indicated in the Caribbean by lower local δ 18 O seawater values 16 as well as increased river runoff (higher Ti) to the Cariaco Basin 20 (Figs 1  and 3) . Off northwest Africa, low dust fluxes and enhanced Niger River runoff reflect the establishment of wetter conditions over North Africa associated with the African Humid Period 5, 6 ( Figs 1  and 3) . South of the modern ITCZ, we again see an antiphased signal compared with sites north of the modern ITCZ. Our open-ocean local δ
18 O seawater /salinity records exhibit the most saline values of the entire study interval (Fig. 3) , indicating a northward shift of ITCZ-embedded rainfall away from these locations and the northward advance of the higher-salinity southern subtropical gyre waters. Speleothem growth had halted in lowland Brazil caves, and South American lake levels were low, indicating dry continental conditions 7, 8 . Our results provide the meridional compilation of terrestrial and marine palaeohydrologic data constraining the timing and magnitude of past ITCZ excursions since the LGM. These records collectively provide support for a synchronized southward migration of the ITCZ during the LGM, and northward during the early Holocene. The marine core data, in particular, indicate that these ITCZ swings were persistent enough to have been recorded by marine fauna that record seasonal to mean annual conditions. The meridional reach of these excursions was nominally ±7
• of latitude away from the present ITCZ location in the tropical Atlantic. Climate modelling studies suggest that, dynamically, a large meridional shift in the mean annual position of the ITCZ is difficult to maintain even under variable orbital insolation forcing 27 . Given that each foraminiferal sample represents a finite population of shells accumulated over hundreds years and that surface productivity fluxes are seasonally biased, the observed variability in our data could reflect either large seasonal shifts of the marine ITCZ or shifts in the mean position, and accompanying changes in the basin-scale evaporation-precipitation. Either interpretation requires a southward migration of excess precipitation to at least 2
• S during the LGM (that is, 7
• south of its present position near 5
• N). We observe a significant northward shift in excess precipitation that when coupled with previously published data is suggestive of a migration to at least the latitudes of the Cariaco Basin (Fig. 3) .
A recent compilation of plant wax biomolecular carbon isotopic data along the margins of western Africa (20 • N-17 29 . We do not rule out expansions/contractions of the African rain belt, but rather suggest that it is not the sole mechanism for explaining the observed hydrological signals across the Atlantic Basin, which clearly document coherent meridional shifts.
Our results strengthen the view offered by palaeoclimate data and climate modelling studies that the marine ITCZ is exceptionally sensitive to high-and low-latitude climate forcings. During the LGM, this manifests as a southward migration in response to high-latitude cooling, ice cover, and reductions in thermohaline circulation 10, 13, 14 . Conversely in the early Holocene, warming of northern subtropical continental land masses invigorated the summer monsoon, and drew the ITCZ northward (for example, refs 11,12,15) . These seasonal and mean annual excursions of the position of the marine Atlantic ITCZ since the LGM impacted the evaporation-precipitation balance of open-ocean core locations at least ±7
• of latitude away from the modern mean position.
